In recent years, activities related to socio-economic development have led to land cover (LC) changes in the upper part of the Dong Nai river basin. The use of remote sensing applications to analyse the impacts of these changes plays an important role in the managing the sustainability of the river basin. This paper introduces a solution for analysing the impacts of LC changes on the water balance in the upstream catchment of the Dong Nai river in Lam Dong province. Landsat images were used for mapping and monitoring major changes over the last 20 years. Rainfall and water discharge data was collected from the local hydrometeorological stations to identify the impacts of the LC changes on the runoff in the catchment area. The results show that the forest area was reduced by more than 223,576 ha (23%). The main changes were an increase in the agricultural area from 18.2 to 31.3% and in water bodies from 0.9 to 2.2%. The latter was due to hydropower development projects in the catchment area. The LC changes caused by the changes in the hydrological conditions of the river basin have had a significant impact on water resources. The identification of the main LC changes in the catchment area could be useful for establishing a policy to protect the headwater forests and mitigate against future impacts.
Introduction
Land cover (LC) is the physical material on the Earth's surface, and LC maps play an important role in Earth system studies and ecosystem management [1] . Land cover changes can be related to natural processes, such as flooding and erosion, and anthropogenic activities, including urbanization and agriculture. Annually updated LC information is valuable for formulating socio-economic development policies and as data for environmental management applications, such as vulnerability and risk assessment [2] . Characterising and mapping LC is essential for multiple purposes, including planning and managing natural resources (e.g. land or water resource development, flora and fauna conservation), modelling environmental variables, and understanding the spatial distribution of habitats. Remote sensing and digital image processing enable observation, mapping, monitoring, and assessment of LC to be conducted at a range of spatial and temporal scales [3] .
Remote sensing provides comprehensive thematic maps based on an image classification for visual or computeraided analysis to assess past LC changes [4] . The choice of classification algorithm depends on many factors, including ease of use, speed, scalability, the interpretability of the classifier, the kind of data, the statistical distribution of classes and target accuracy. Unsupervised classification is typically used when limiting the knowledge and availability of the LC types [5, 6] .
Clustering algorithms, including k-mean and ISODATA, run iteratively until convergence of an optimal set of clusters is achieved. Post-classification refinement techniques, such as merging and splitting clusters, are necessary before labeling because automatically produced clusters do not necessarily correspond with LC types [7, 8] . Parametric supervised classifiers are typically used when expert knowledge and the availability of the LC types are sufficient. However, supervised classification with algorithms, such as maximum likelihood, minimum distance, and discriminant analysis, is difficult to perform with multi-temporal data containing many spectral features and multi-modal distributions [9] . Other approaches involve various classifiers used in parallel or in succession, which can be either supervised or unsupervised [10] . Nonparametric classifiers, such as k-nearest neighbours (kNN), decision trees (DT), neural networks (NN), support vector machines (SVM), random forests (RF), and hierarchical classification based on multi-source and multi-temporal data and geoknowledge (HC-MMK), impose boundaries of arbitrary geometries and provide higher flexibility although they involve computationally intense iterative processes [11] . Nonparametric classifiers that focus on decision rules of class boundaries are more suitable when the statistics and distribution of LC types are unknown [12] .
Change image production uses post-classification change detection technique through cross-tabulation [13] . The success of this technique depends on the reliability of the maps created using image classification. Large-scale changes such as the construction of new hydroelectric reservoirs or major urban development might be mapped reasonably easily, whereas for evolutionary changes, such as erosion, colonization and degradation, the boundaries may be indistinct and the class-labels uncertain [14] .
Land use and land cover (LULC) changes alter the hydrological system and can have potentially significant effects on water resources [15] . In addition, the impact of LULC change on watershed hydrology are interlinked with climate change impacts [16] .
According to the People's Committee of Lam Dong Province [17] , the forest area of Lam Dong was 513,529 ha in 2014 and accounted for 52.5% of the provincial area. This report indicates that the forest area was reduced around 8% in 10 years. However, in the upper part of Dong Nai (UPDN), most of which belongs to Lam Dong province, historical LC change has yet to be examined in detail. In order to analyse past LC changes that impact upon the flow regime in the river basin in 10-year intervals (1994, 2004 , and 2014), a changes detection technique was applied using a supervised maximum likelihood classification (MLC) algorithm. The impact of LC change on the flow regime in the UPDN river basin was assessed largely using hydrometeorological data collected along with Landsat images. The objectives of this study are to create LC maps and to observe LC changes over a 20-year period . In order to achieve these objectives, investigations were conducted into the effects of past LC changes and the effects of these changes on water discharges in the downstream part of the river basin. Specifically, the impact of headwater forest change and hydropower development on the flow regime in the UPDN was assessed.
Study area
The study area is located in the UPDN river basin (Fig. 1) , which covers an area of 972,460 ha and belongs to the provinces of Lam Dong, Dak Nong, and Dong Nai. The upstream catchment area of the Dong Nai River has a 10 years. However, in the upper part of Dong Nai (UPDN), most of which belongs to Lam Dong Province, historical LC change has yet to be examined in detail. In order to analyse past LC changes that impact upon the flow regime in the river basin in 10-year intervals (1994, 2004 , and 2014), a changes detection technique was applied using a supervised maximum likelihood classification (MLC) algorithm. The impact of LC change on the flow regime in the UPDN river basin was assessed largely using hydrometeorological data collected along with Landsat images. The objectives of this study are to create LC maps and to observe LC changes over a 20-year period . In order to achieve these objectives, investigations were conducted into the effects of past LC changes and the effects of these changes on water discharges in the downstream part of the river basin. Specifically, the impact of headwater forest change and hydropower development on the flow regime in the UPDN was assessed.
The study area is located in the UPDN river basin ( Fig. 1) , which covers an area of 972,460 ha and belongs to the provinces of Lam Dong, Dak Nong, and Dong Nai. The upstream catchment area of the Dong Nai River has a tropical wet climate with two seasons: the rainy season from May to November and the dry season from December to April. Over the past 33 years from 1981-2014, the average annual temperature was 22 0 C, annual precipitation was 2,500 mm, and annual humidity was 83% [18] . Forest cover is found mainly at high elevations in the West and North. The agricultural areas are characterised by small fields generally in close proximity to rivers. 0 C, annual precipitation was 2,500 mm, and annual humidity was 83% [18] . Forest cover is found mainly at high elevations in the West and North. The agricultural areas are characterised by small fields generally in close proximity to rivers.
Materials and methods

Landsat data
Image data from Landsat-5 TM (1994, 2004) and Landsat-8 OLI/TIRS (2014) covering the study area was downloaded from the United States Geological Survey (USGS) website (http://earthexplorer.usug.gov), as summarized in Table 1 . The criteria for the selection were that cloudless images be available and that the data be collected at a ground measurement station (Ta Lai gauge). 
Geometric correction
The original sub-scenes of Landsat images comprised of a significant among of bands data, which was combined into one image (6 bands) by function layer stacking using ENVI 4.5 software. For this study, geometric correction was carried out using a ground control point from the available maps (Topographic maps of Lam Dong province in 2010, scale 1:100,000) to geocode the 2014 image. This image was then used to register the images from 2004 and 1994. The geometric correction was done by calculating the root mean square error (RMSE) between the two images, which was less than 0.2 pixels. Corrected geometric images were then cut (subset) into the UPDN river basin.
Training sample data
Training sample data was used to create an LC map with seven main classes, which are listed in Table 2 . The training sample data was created based on the GIS data, the land use map of the area (provincial land use planning maps for the period 2010-2020), and the vector data for polygons of training sample data, so-called region of interest (ROI) is used in classification method of MLC. In addition, Google Earth images were deployed to support the selection of LC types for the training sample polygons by integrating Arc Google Tool with ArcGIS 10.1.
The result of the LC classification was evaluated based on ground truth data collected at test sites. The error matrix was used to indicate the quality of LC classifications in 1994, 2004, and 2014. Three natural forest classes (broadleaf evergreen forest, mixed forest, coniferous forest) were combined came under the definition of forest for the purposes of assessing LC changes. This meant that seven classes were categorized into five main classes: water bodies, forest areas, built-up residential areas, seasonal agricultural land, and perennial agricultural land [19, 20] .
Land cover classification
The maximum likelihood pixel-based classification method is the most commonly used technique for Landsat images [21] . This study used the MLC method for Landsat 5 TM and Landsat-8 OLI/TIRS. The accuracy assessment is reflected by overall accuracy and Kappa coefficient in which overall accuracy included user's accuracy and producer's accuracy.
The thematic map used to analyse LC change trends in the UPDN river basin is shown in Fig. 2 
Results and discussion
Image classification: supervised classification was carried out using MLC, and the same training data was used
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for each image. This proved an efficient solution for the visualisation of LC in the basin. The results indicate that the average forest cover decreased from 72.68% of the river basin area in 1994 to 49.97% in 2014. This finding can assist managers in undertaking further analysis regarding forest cover change trends with the aim of achieve sustainable development in the UPDN river basin. 
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Classification accuracy assessment: an assessment of the quality of LC classifications in 1994, 2004 and 2014 indicated that all seven classifications have very good overall accuracy (77.7-87%). In all cases, the Kappa coefficient had a high value (0.74-0.85). The user's accuracy and producer's accuracy for the LC maps are shown in Table 6 . Therefore, the thematic map was used to analyse LC change trends and their impacts on the regime flow in the UPDN river basin.
The results show that the highest accuracy was for water bodies and the lowest accuracy was for broadleaf evergreen forest (Prod. = 57.02, 67.28, and 74.40% for 1994, 2004, and 2014, respectively). This result can be explained by the fact that the river basin is partially covered by areas with high-density coffee trees, causing confusion between broadleaf forest and perennial agricultural land. Furthermore, the user's accuracy for the mixed forest class was also low (user = 65.5, 74.53, and 71.01%, for 1994, 2004, and 2014, respectively). This can be attributed to the fact that the Landsat images were taken in the dry season, when spectral signatures of mixed forest pixels are most similar to measured perennial plant spectra. This reflects the low levels of urbanisation and population growth in the basin. Table 7 summarises the results of the changes in area for each LC class during the period from 1994 to 2014. Overall, the results show that the area of the forest cover decreased by 223,576 ha from an average cover of 72.68% of the natural area in 1994 to 49.97% in 2014. The agricultural land area and water surface (bodies) area also increased in the same period due to the construction of the hydropower reservoirs. Figure 3 shows major changes from forest to other land classes in the river basin. Land cover change impacts: in order to analyse the impacts of LC changes on the water balance in the upstream catchment area of the Dong Nai river, the difference between the area of each LC type must be assessed. Table 7 shows that the area of forest in the UPDN river basin was reduced by 223,576 ha (22.99%) over the 20-year period 1994-2014 due to the conversion of forests into built-up, perennial agricultural, and seasonal agricultural land. The changes for these LC types can be explained by a decrease in the level of evapotranspiration in the river basin. The increase in the area of water bodies caused by the recent development of hydropower projects had an impact on evapotranspiration and the annual water balance of the catchment in the dry season due to an increase in water consumption caused by irrigation practices. In this study, the impact of LC changes on hydrology can be analysed on water discharges in the river basin that affects the downstream part of the Dong Nai river to serve the local socio-economic development. In order to identify the impact of LC change on water discharges in the river basin, rainfall data was collected from three weather stations (Da Lat, Lien Khuong, Bao Loc) and discharge data was collected from Ta Lai gauge, as shown in Fig. 3 . The hydrometeorological data was collected along with the Landsat images in 1994, 2004, 2014. The yearly rainfall and yearly discharge total for Ta Lai gauge is shown in Fig. 4 . The distribution of the mean monthly rainfall for the three climate stations and the monthly discharge are shown in Figs. 5, 6 . Obviously, the average rainfall for the three meteorological stations did not change significantly, but the total runoff at the downstream part of the river basin changed dramatically in 2014. The flow in the dry season of year 2014 is higher than it was in 1994. At the same time, water discharges in the river basin for the 2014 rainy season were lower than those in 1994. This can be explained by the hydropower operations in the river basin. For example, water transportation for the Dai Ninh hydropower (300 MW) plant reduced the total water discharge in the lower river.
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This is evidence that land use change influenced the flow regime in the river. These findings provide local managers with information on natural resources and environmental management practices to protect headwater forests. 
Conclusions
The study results show that using Landsat images with algorithm of maximum likelihood supervised classification (MLC) together with generally available data is a comprehensive approach for analysing the impacts of LC changes on the UPDN river basin. The analysis of these results shows that forest area was reduced by more than 223,576 ha (23%) over the 20 years from 1994 to 2014. The agricultural area increased from 18.2% to 31.3% and water bodies also increased from 0.9% to 2.2% due to hydropower development projects in the catchment area. These results indicate that the LC changes were caused by changes in the hydrological conditions of the river basin, which have a significant impact on water resources.
The average rainfall at the three meteorological stations did not change significantly but the total runoff at the downstream part of the river basin changed dramatically in 2014. Land cover change and cascade hydroelectric reservoirs are the major causes of erratic river flow regimes. These changes have had a negative effect on the water quality of the Dong Nai river.
The findings are useful for informing management practices in the watershed area. An analysis of future LC changes and their impacts on the UPDN river basin based on high resolution images would be helpful for the creation of the suitable solutions to the sustainable watershed management.
Vietnam Journal of Science, Technology and Engineering
